Synchronised phase remodulation (SPRM) to erase the original and write the new phase information simultaneously is a crucial signal processing technique in optical networks. A simple and polarisationinsensitive monitoring scheme for SPRM using a narrowband optical bandpass filter (OBPF) is demonstrated. Experiments show that, with the optimal central wavelength of the OBPF, À1.2 and 3.8 dB monitoring power dynamic ranges are obtained for non-return-tozero differential phase shift keying and return-to-zero DPSK formats, respectively, thus achieving high monitoring sensitivity.
Introduction: Recently, synchronised phase remodulation (SPRM) has become a crucial signal processing technique to erase the original and write the new phase information simultaneously for phaseencoded modulation formats. Applications include optical label swapping in optical networks, the remodulation of the downstream signal for upstream transmission in wavelength division multiplexing passive optical networks (WDM-PON), and the generation of spectral efficient orthogonal modulation format [1] [2] [3] [4] . Fig. 1 illustrates the principle of SPRM. The old differential phase shift keying (DPSK) signal is remodulated by a delta DPSK data, which is obtained by performing exclusive OR operation between the detected old DPSK data and the new DPSK data in the electrical domain. In binary phaseencoded signal, a p phase change applied to either symbol will swap the original symbol to the other symbol, as shown in the inset to Fig. 1 . Therefore, by using SPRM, the old DPSK signal is erased and the new DPSK signal is written simultaneously. To properly achieve SPRM, the electrical delta DPSK data should be superimposed onto the time slot centre of the old optical DPSK signal. However, the long relative time delay between the incoming DPSK signal and the delta DPSK data drifts over time owing to temperature variation and imperfect clock recovery in the SPRM module, which increases the difficulty of SPRM and hinders its practical applications. To solve this problem, we propose a simple technique using a narrowband optical bandpass filter (OBPF) to monitor unsynchronised phase remodulation. The obtained monitoring signal is fed back to control the delay between the incoming DPSK signal and the electrical delta DPSK data for automatic SPRM. We experimentally show that the proposed method is applicable to both non-return-to-zero DPSK (NRZ-DPSK) and return-to-zero DPSK (RZ-DPSK) formats. With the optimal central wavelength of the OBPF, À1.2 and 3.8 dB monitoring power dynamic ranges (MPDRs), defined as the ratio of the monitoring power for the worst case of phase remodulation to that for the best case, are obtained for NRZ-DPSK and RZ-DPSK formats, respectively, therefore achieving high monitoring sensitivity. Fig. 2 shows the experimental setup. The old DPSK signal was generated by modulating continuous wave (CW) light or an optical pulse train by a 10.61 Gbit=s 2 31 À 1 pseudorandom binary sequence (PRBS) in a phase modulator (PM).
Experimental setup and results:
The optical pulse train was obtained by pulse carving CW light using an electroabsorption modulator (EAM) driven by a 10.61 Gbit=s electrical clock. The wavelength of the CW light and the optical pulse train, l 0 , were 1545.83 nm. The old DPSK signal was remodulated with modulation depth of p by using another PM. An electrical delay line (EDL) was employed to adjust the time delay between the old DPSK signal and the delta DPSK data. The new DPSK signal was demodulated by a delay interferometer (DI) with a relative delay of 94.3 ps and detected by a balanced detector. The monitor consisted of a 0.2 nm OBPF with tunable central wavelength, and a power meter. Insets to Fig. 2 show the eye diagrams of the new DPSK signal after balanced detection for: (a) the best case of phase remodulation in NRZ-DPSK format; (b) the worst case of phase re-modulation in NRZ-DPSK format; (c) the best case of phase remodulation in RZ-DPSK format; and (d) the worst case of phase remodulation in RZ-DPSK format. From the Figure, it is shown that unsynchronised phase remodulation causes severe eye closure, and thus greatly degrades the performance. At the same time, it also causes power variation across the new DPSK signal's spectrum. Figure, it is shown that, in NRZ-DPSK format, unsynchronised phase remodulation causes spectral power decrease for the spectrum jl À l 0 j < 0.05 nm and jl À l 0 j > 0.15 nm, and spectral power increase for the spectrum 0.05 nm < jl À l 0 j < 0.15 nm. On the other hand, in RZ-DPSK format, unsynchronised phase remodulation causes spectral power decrease for the spectrum jl À l 0 j < 0.08 nm, and spectral power increase for the spectrum jl À l 0 j > 0.08 nm. Such spectral power variation can be extracted by a narrowband OBPF and measured by a power meter. Fig. 4 shows the MPDR against wavelength offset of the OBPF with respect to the central wavelength of the DPSK signal for NRZ-DPSK (solid) and RZ-DPSK (dashed) formats. Note that the bandwidth of the OBPF is 0.2 nm and the monitoring power is averaged over the OBPF-filtered spectrum. At small wavelength offset, when the phase remodulation is unsynchronised, there are both spectral power increase and spectral power decrease across the OBPF-filtered spectrum, resulting in small power difference between the worst case and the best case of phase remodulation. In contrast, at the wavelength offset of 0.45 or 0.4 nm, when the phase remodulation is unsynchronised, only spectral power decrease or increase exhibits across the OBPF-filtered spectrum for NRZ-DPSK or RZ-DPSK format. As a result, optimal MPDR values of À1.2 dB at the wavelength offset of 0.45 nm and 3.8 dB at the wavelength offset of 0.4 nm are obtained for NRZ-DPSK and RZ-DPSK formats, respectively, thus achieving high monitoring sensitivity. Meanwhile, the monitoring module is polarisation independent. Fig. 5 shows the relative monitoring power against remodulation misaligned time for (a) NRZ-DPSK and (b) RZ-DPSK formats. In the Figure, the central wavelength of the OBPF is optimised and the relative monitoring power is with respect to the monitoring power for the best case of phase remodulation. It is shown that, when the misaligned time is larger than þ10 ps or less than À10 ps, the relative monitoring power changes significantly. The monitoring signal is fed back to control the EDL for automatic SPRM. As a result, the potential penalty induced by unsynchronised phase remodulation is avoided. 
